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SECTION I
INTRODUCTION

In June of 1975, Texas Instruments Incorporated was awarded Contract
F04701-75-C-0180 to design and develop an alternate High Dynamic User
Equipment (HDUE) set for use in the Concept Validation phase of the NAVSTAR
Global Positioning System program. The contract and specification required
amilitarized system with maximum commonal ity and legacy to other classes
of user equipment. Extensive performance testing, both in-plant and in the
field, was also required.

This report is produced and submitted as Volumes I, II, and
III of "The HDUE Final Reports" in accordance with Contract Data Require-
ments List (CDRL), Sequence Number A003. Volumes IV, V, and VI of the "The
HDUE Final Reports" are defined as follows:

Volume IV HDUE Legacy Report, SOW Para. 4.1.5
Volume V HDUE In-Plant Test Report, CDRL Item No. AQl7
VoTlume VI HDUE Field Test Report CDRL, Item No. AQO19
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SECTION II
SET DESCRIPTION

This section is bound in Volumes II and III of this HDUE Final
Report.
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SECTION III
DESIGN TO COST

In order to optimize the GPS equipment with respect to cost, a Design-
to-Cost (DTC) program was established in Phase I to provide a proper
balance among cost, performance, and schedule. The major objectives
were:

1. TI had the responsibility for developing and executing a plan of
action to deliver equipment at or below price goals while con-
tinuously working to optimize development costs, production costs,
life-cycle costs, equipment weight, reliability, performance, and
maintainability. Phase [ GPS equipment was designed and imple-
mented with aggressive DTC plans directed towards future program
savings.

2. The GPS program DTC process made use of the existing program organi-
zation by assigning DTC responsibility consistent with organi-

zational constraints for the GPS system design and development.

The TI DTC plan involved all levels of progrdm management, design
engineers, manufacturing engineers, integrated logistics support
engineers, planning and control personnel., producibility personnel,
production engineers plus various other TI support personnel.

As an example of support personnel involvement, TI purchasing
personnel encouraged our vendors to develop and maintain DTC
programs.

TI was committed to an active and productive DTC effort throughout |
the GPS Phase I programs life-cycle and continued to develop cost savings
within the constraints of future GPS business.
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A. GPS DTC CYCLE

The DTC plan for GPS Phase I was submitted previously and contained
the detailed DTC cycle flow which explained the various procedures TI
used to incorporate DTC philosophy.

The drawings resulting from the hardware and system design were used
to prepare cost estimates to establish the labor and material required
to produce the equipment. Both project personnel and other groups
contributed to the cost estimates which started with the lowest level
part and built up through the top assemblies. The manufacturing engineers,
purchasing personnel, producibility engineers, shop supervisors, assembly
methods personnel and quality assurance engineers made independent
assessments for the cost estimates based on their previous experience
with the same or similar type equipment.

A DTC program took the current phase labor and material cost esti-
mates and using various learning curves projected the cost in production
quantities. The program provided direct labor and material costs and
also added overhead, rework and other costs such as general and adminis-
trative costs and profit to determine the production unit price esti-
mates.

The production cost estimates derived using the DTC program were
compared to direct cost target budgets. If the estimated production
costs were equal or less than the cost target budgets, further DTC
actions were solicited in order to make further cost reductions. If
the estimated production costs exceeded the cost target budgets, one or
more of the following actions were taken.

1. DTC action items were identified revisions in system hardware
design, test equipment, assembly methods, fabrication, test
techniques, etc., which when incorporated, would reduce the
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B. GPS PHASE I DTC RESULTS

Specific DTC results from GPS Phase I DTC studies are numerous.
Listed below are some of the major ones.

1.

production cost without allowing the system performance or

schedule to fall below minimum acceptable levels. Identifica-
tion and incorporation of DTC action items were a continuous

process throughout the 1ife of the GPS Phase I program. Many
revisions identified were very aggressive and were applied to
future applications.

DTC reports were designed to keep TI design engineers, TI GPS
Phase I program management, and SAMSO advised of the current

DTC program cost status. The DTC processes were repeated or
updated as required or as major impacts were discovered. This
dynamic concept made it imperative that program personnel remained
committed to an active and productive DTC effort throughout the
GPS Phase I program life cycle.

FPAU Integration

First Design Second Design - Future Design
7 multi-Tayer 2 multi-layer 2 custom circuits
boards boards
485 components 140 components

Increased Capacity of Memory Modules

First Design Second Design Future Design
10 multi-layer 4 multi-layer 5 multi-Tayer boards
boards boards boards
910 components 364 components 300 components
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3. Frequency Synthesizer Changes

First Design Future Design
2 multi-layer boards 1 multi-layer board
3 microwave amplifier 1 microwave amplifier
Analog switch Digital oscillator

These examples illustrate the effective result of positive real cost
savings demonstrated by the DTC effort on GPS Phase I program, after the
design was proven during field testing.
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SECTION IV
PRODUCIBILITY

Producibility engineers participated as integral members of the
design production engineering team throughout the Phase I program. It
was their responsibility to be intimately aware of the design and the
plans of the engineers during the design effort and influence the design
to the maximum extent possible to ensure that the product was built
within the manufacturing operations of the Equipment Group so as to
minimize total life-cycle costs. They were in the approval cycle of
all drawings to verify their influence and to further ensure that a pro-
ducible product was designed.

Producibility design guides were made available for particular areas
of specialty to assist the design engineers in standardizing the design.
The design guides had separate sections for fabrication, assembly, micro-
wave integrated circuits, and printed circuit boards. Each listed the
criteria, particularly suited for their shops, that would assist the
shops in producing the product.

At an equal level of importance, performance was the criteria neces-
sary to ensure the proper quality, reliability, and maintainability of
the product during the Phase I design. These criteria were taken into
consideration to ensure minimum cost.

Producibility engineers participated in other design considerations
such as strength of material used, weight requirements, stress analysis,
microelectronics circuitry and packaging, shop capabilities and capacity.

Specific examples of producibility studies in Phase I are: A "Common
Module" approach was developed early in the Phase I program. A trade-
of f study was initiated to consider the effects of functional partitioning
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restraints, system costs, system packaging limitations, and user

class environments on module size. Although the number of possibilities
was infinite, several detailed parameters were listed as major consider-
ations and addressed.

Two common module versions were used. One is housed in a shielded can
while the other is an open card used for circuitry not requiring shield-
ing or RF connections. All conform to MIL-STD-1389 dual span modules in
width and center-to-center spacing and utilize standard extraction tools
for removal purposes. Plans for module evolution included further reduc-
tions as further component integration occurred.

Secondly, a producibility study to determmine the most cost-effective
shielded can approach was performed on soldered on covers, three piece
die castings, extrusions, and machined hog-out being the candidates.

To meet Phase I cost and schedule goals the machined hog-out proved to
be the best choice.

These examples are only a small portion of the producibility effort
during the Phase I concept and validation phase in which Producibility
Engineering was a vital part of the design team. The producibility
objectives were achieved and GPS Phase I equipment is producible for
the quantities and rates required in the Phase I contract.
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SECTION V
RELIABILITY

This section documents the reliability information obtained while
field testing HDUE 01 at Yuma Proving Grounds, Yuma, Arizona. Failure
data from this testing is reviewed and discussed.

The reliability support effort for the High Dynamic User Equipment
(HDUE) has been active since the early stages of proposal for contract.
Reliability Engineering was responsible for the generation of a parts
selection list and reliability design guide, including recommended compo-
nent stress levels. After the design was complete, a data collection
system was established to ensure good reliability growth during testing.

A.  DESIGN EFFORT

1. Design Guide

During the design of the High Dynamic User Equipment, reliabi-
lity was active in establishing specific guidelines, which were followed
by the designing effort. One of the requirements of reliability was to
write and deliver to the design engineers a Reliability Design Guide.
The design guide consists of the following sections.

a. Derating Rules

Components reliability can be achieved only when the part
does not receive stresses beyond those for which it was designed. In most
cases, the lTower the stresses placed on a component the more reliable it
becomes.

5-1 Equipment Group
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The following derating rules define the maximum electrical
stresses which the design engineer followed. These derating rules are
part of Texas Instruments Standard Procedure 18-2. A copy of the derating
rules is attached in Table 1.

b. Component Selection

The design quide also deals with the particular components and
some of their characteristics:

e Resistors
e Capacitors
e Discrete Semiconductors
o Integrated Circuits
e Relays
e Switches
e Connectors
e Transformers and Inductors
In addition, each device catagory was broken down by specific

r' component type, its applications discussed, and recommendations made for
system use.
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Table 1.

Reliability Derating Rules

Parameter to

Part Type Derate Derate to Other Considerations
Diode VR 50%
Io 50% 3
T31/ 120° C Max l
Diode, Zener Py 50% f
Ty ¥ 120° C Max ;
Transistor BVceo <20V 80%
20-50v 70%
50-120V 60%
> 120v 80% Observe safe operating |
T3 47 120° C Max limits (SOA) g
IC, Digital Tpd (54 TTL) Add 40% Add 0.15 nanosecond per

Tpd (Schotky TTL) Add 20%

pF additional load

Add 0.15 nanosecond per
pF additional 1load

IC, Linear Tj 120° C Max
Resistor, Power 50% Do not exceed maximum
Fixed hotspot temperature,
MIL-STD-1998
Resistor,
Fixed, Power 50% 50% of 70° C rating
Metal Film 80% of 125° C rating
(RNC)
Resistor,
Variable Power 50%
Capacitor DCWV 50% DC bias voltage + AC peak
not to exceed
AC 50% DCWV for all AC ratings

It is not intended that the 120°C junction
rule result in illogical design decisions
on power semiconductors. Consult reliabil-
ity engineering for tradeoff analysis and
approval requirements for temperature
exceeding 120°C

5-3

Equipment Group }
f




2. Preferred Parts List

In conjunction with the design guide, a preferred parts list
was distributed to all engineers. The preferred parts list describes
those parts whose use will best assure achievement of the contractual
reliability obligations.

3. Parts and Drawing Review

During the design activity the responsibile project reliabi-
1ity engineer was included in the drawing review cycle. As the drawings
were reviewed by the reliability engineer they were checked for proper
documentation, use of established reliability components, contractual
obligation and calculated component stress levels.

4, Stress Analysis

A worst case and nommal operation stress analysis was
performed on each printed wiring board, based on the circuit diagrams.
From the stress data obtained, an analysis was performed in an effort to
isolate components which were applied wrong or overstressed. If a
problem was found, the reliability engineer recommended design changes
and worked with the design engineer on the problem.

5. Reliability Prediction

Reliability Engineering conducted reliability predictions
based on the High Dynamic design. These reliability predictions were
initiated early in the design effort and were revised periodically to
reflect changes in the design. This analysis was made by a failure
rate build-up, in which a failure rate is assigned to each relevant
npiece part. The failure rates were obtained from MIL-HDBK-217B. TI
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and vendor historical failure data, engineeriig judgment and other

sources were used for devices not covered in MIL-HDBK-217B. The part
rates are summed to provide PWB level predictions; these rates, in
turn, are summed to provide LRU and set level predictions. These calcu-
lations were performed by means of a Tl developed computer program.
“PLST," which automatically calculates failure rates and sums them,
based on a computerized bill of materials, MIL-HDBK-217B, and environ-
mental inputs. The above analysis resulted in a predicted failure rate
expressed in units of “failure per million hours." This, in turn is
inverted to yield a predicted MTBF in "hours." The final reliability
prediction, which was calculated by PLST prior to system evaluation at
Yuma, yielded an MTBF of 568 hours, well above the 500 hours specified.

B.  TESTING SUPPORT

1. Board Level Testing

When a printed wiring board has completed assembly, the board
is sent to Unit Test where a thorough examination of its electrical opera-
tion is performed. Should for any reason a board be found defective, the
board is evaluated and the cause of the problem isolated. All defective
canponents are removed and placed in an assembly and test reject part
envelope ("Hold Bag"). All the necessary information for traceability
of the defective part is written on the Hold Bag. The Hold Bag and
component are then delivered to the reliability engineer. Records are
kept along with the components to isolate failure trends.

2. System Testing
During testing of the High Dynamic User Equipment, a data

collection system was used to locate and correct problem areas. The sys-
tem used on the GPS Programs is titled the Reliability Failure Reporting

Equipment Group
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(RFR) system. Also, the Hold Bag is used to capture the bad components
for record keeping and storage. This RFR system consists of a multicopy
form, which keeps a complete history of a system failure down to the
individual component failure analysis. The reliability engineer keeps
an up-to-date record of all system failures with this form. Each form
is prenumbered for easy record keeping and control. The number of the
RFR is entered in the system paperwork at the time of a test failure.

The RFR system has been used throughout the GPS program both inhouse and
at the Yuma test grounds. A copy of an RFR form is attached as Figure 1.

C.  FAILURE ANALYSIS

Table 2 1ists all of the HDUE field failures in chronological
order. This data was recorded on RFRs as described in subparagraph B-2.
The symptom, analysis results, and any corrective action associated
with each RFR are delineated.

D.  SUMMARY

Texas Instruments is concerned about reliability and takes an
active role in the development of a highly reliable system. Design and
parts selection guides, which are individually tailored to this program,
were published. These guides meet all the contract requirements, as
well as design and reliability needs of the program. Guidelines such
as parts control, stress deratings and preferred parts list clearly add
to the overall reliability of the system.

Since field testing started, the performance of the High Dynamic
System has been excellent. The number of failures which the system has
experienced in the fieid is lower than that predicted. A total of 15
RFRs were presented in Table 2 above. These can be discussed in various
categories.
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There were six RFRs that were not directly related to system

functional operation:

o Items 2, 3, 4, 5 were all related to improper
installation on one power supply

e Item 6 of Table 2 referred to incorporation of a
Modification Instruction (MI)

e Item 9 was related to improper installation of a resistor

These were studied by the reliability engineer and communicated
to the proper assembly/manufacturing personnel. No further events of
this type have since occurred. Since these items did not affect actual
system of operation, they were not considered relevant failures and
were not included in MTBF calculations.

[tem 7 resulted from an in-house unit test that was initially incap-
able of detecting certain minor flaws in the Code Generator Module.
Since that time, a more elaborate test set has been devised and a more
comprehensive unit test incorporated, so such problems can be detected
early. This item was not considered relevant, because the actual problem
occurred in-house and was not related to field operation of the equipment.

Two other RFRs (Items 12 and 15) referred to occurrences at which
failures were indicated, but upon subsequent testing were found to be
in good condition. These events are considered one-time operator errors,
as they have not reoccurred. No corrective action is warranted at this
time, and the events are not considered relevant failures.
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The remainder of the failures, a quantity of six, are considered
relevant, since they occurred during system operation and involved actual
part failures. None of these failures has reoccurred and no trend is
present. Corrective action, then, is Timited to tracking future failures
to assure no long-temm trends are present, and to assure that the overall
system reliability is within reasonable 1imits, achieving reliability
growths with field operating time.

E.  CONCLUSION
1. Mean-Time-Between Failure (MTBF) Calculation

The total of six relevant failures with 970 hours of field opera-
tions yields a cumulative MTBF of 162 hours. Typically, a new system can
expect a reliability improvement from inital design to maturity that will %
increase MTBF by a factor of ten. If an MTBF growth of five to ten times 4
is assumed for the mature HDUE, then an MTBF of 810 to 1,620 hours is
projected. The MTBF prediction of 568 hours (reference subparagraph A-5)
gives credibility to this projection.

2. Reliability Growth

The data summarized in Table 3 for HDUE 01 field testing indi-
cates set reliability improvement over time. This is further substantiated
by the fact that all of the RFRs, including those corresponding to relevant
failures, occurred in the first 57 percent of the operating time.

5-11 Equipment Group




T

Table 3. HDUE 01 Failure Summary

1-2Q78 3Q78 4Q78 1079 2Q79 Total :

Field Hours 270 170 140 240 150 970 1

RFRs 1 10 4 0 0 15 i

Relevant 1 3 2 0 0 6 ?
Failures

Duane's Postulate is used here as the basis for reliability growth
planning. On other programs, TI has consistently achieved Duane Model
growth rates of 0.4 to 0.5. If a growth rate of 0.4 and an MTBF of 162
hours at 970 operating hours are assumed, the set reliability is estimated
to begin to exceed its 500 hour MTBF requirement after 13,870 hours of
additional operation. Set reliability performance will be monitored
closely in order to apply knowledge gained in this growth process to
future designs.
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B. MAINTAINABILITY DESIGN CONSIDERATIONS
l. Preventive Maintenance

There are no preventive maintenance requirements for the HDUE.
A1l modules/printed circuit cards are replaceable without adjustment or
; calibration. There is a requirement to clean the Instrumentation Interface
| Unit (IIU) recording heads on a daily basis; however, such requirements
will be eliminated on Phase II equipment.

2. Interchangeability

In consonance with DTC/LCC goals, a large percentage of printed i
circuit cards are directly interchangeable. This concept is an important

contribution to maintainability requirements in that a suspect module
may be interchanged with a like module for fault isolation. This is
particularly significant in the receiver RF amplifer section.

3. Access

A1l system modules are easily accessed by removal of protective
covers. With the exception of two modules, all SRUs can be quickly
removed and replaced without removal of other SRUs. (See subparagraph C-1.)

4, Built-in Test/Performance Monitoring

Operational availability of the system is enhanced by software
accessed performance monitoring capabilities. Operational software is
used to the maximum extent in implementing the BIT function. The software
approach largely eliminates hardware that is solely dedicated to the BIT
function, eiiminating the possibility that BIT hardware failures may be
greater than the hardware being tested.

Equipment Group




Three distinct test features have been incorporated in the
system; the operator-initiated operational test, the processor self-test
and the fault isolation test. A system fault is visually indicated to
the operator via the Control Display Unit (CDU) front panel.

The operational test is initiated by the operator at power-up
and complete system performance check is accomplished. If a fault is
detected, the system will attempt to complete the performance check
without additional operator activity. If a fault is not cleared, the
fault and its location will be indicated by the CDU.

The processor self-test is a continuous software-controlled
test following system initialization. Continuous performance monitoring
using self-test features increases the confidence level that a mission
can t2 completed without an undetected failure.

The fault isolation process is accomplished with diagnostic
tapes and the Instrumentation Interface Unit (IIU). The CDU is utilized
to command functional tests to fault isolate to the defective LRU or SRU.

C.  SUGGESTED IMPROVEMENTS

1. Master Oscillator

Stabilization of the oscillator reaquires approximately eleven
minutes. This time is detrimental to MCT because of the increased
system checkout time following corrective maintenance. The oscillator
meets contractual specifications, however, a reduction in stabilization
time is a design goal for Phase II.
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2. Power Supply Module and Antenna Switch (Receiver LRU)

These modules are located in the bottom of the receiver LRU and
are not easily removed/replaced. Phase II design will alleviate these
problems.

D. CONCLUSION
Design features of the HDUE, considering noted areas for improve-

ment, ensure that ultimate maintainability requirements for future
production will be attained. A program maintainability engineer will

continue to monitor and evaluate design progress and to impose maintain-
ability standards.
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SECTION VII
SUMMARY

This HDUE Final Report has documented the technology, both hardware
and software, and the philosophy that Texas Instruments implemented in
their High Dynamic User Equipment for the GPS concept validation phase.

The overall set as well as its individual modules has been explained.
Texas Instruments HDUE concepts, techniques, and results of design-to-cost,
producibility, reliability, and maintainability have been put forth as

well. f<i\

This report, in conjunction with the Legacy, In-Plant Test, and Field
Test reports, demonstrates that Texas Instruments has met and improved
upon the letter and the spirit of Contract F04701-75-C-0180 with the
HDUE development and testing.

7.1 Equipment Group

&
P L e AR *







AD-AQT6 479

UNCLASSIFIED

2.2
&

TEXAS INSTRUMENTS INC DALLAS EQUIPMENT GROUP
GLOBAL POSITIONING SYSTEMS (GPS). HIGH DYNAMIC USER EQUIPMENT

(HDUE ) VOL. 1
F04701-75-C-0180

END

DATE
FILMED

98I

INFORMATION DTIC

10 AUG T9
SD TR=-79-12-VOL-1

NL

F/G 17/7




3 b b e & U i)

e

0
3
!
-
;7
}
i
|

]




B , : IR ===

Errata
AD-AO76 479

Page 6-1 is missing and is not available
DT'IC-DDA-2
8 Sep 81




